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described in this report are focused r 
effects of presenting proiiiietts 
problem-solving instr uct-aTonv oi^ 
roblems, and on their su-bseguent 
was an outgrowth of acj^ivities 



' . The activities 

oA a preliminary invest 
to children without any 
the chiidren»s ability 

ptoblem- soiling perform 

related to the observation of c^ildr<^n*s .problem-solving effpr^ts aA>d 
the resulting conjectures, A de;^cription is giv^n of the preparation 
of mat erials and th^ . ensuing pilot stud#. Implications are^discussed 
and* 3ome conjectures related* (MP) * ^ ' ' 
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A. IntToduQtion ' , 

This focuses on a specific effort of the 'Mathematical Problem 

Solving Project (MPSP,) dtrected at pr^enting process problems 1;o children 
and observing their performanpes as- they solved these problems. This 
effort was carried out' by staff members at Indiana University with chil- , 
dren in the Bloo^ington, Indiana schools from September 1975 to McO' 1976. 
- This work on process problem solving was an outgrowth of the first year's 
(September 1974 - May T9f5) activities of MPSP related to the observation . 
^' of children's problem so+vio^ efforts and the resulting conjectures. 
Further, the effort was enhanced by the widely he>a belief that a good, 
way to improve'children's problem solving perforWnc> is to s'imply have " 
them solve (and then analyze) problems. ' ' 

Learning by doing is one of the more commonly mentioned/p'xims ot 
educationar thought. As it* relates specifically to mathematical problem 
solving, the -idea that solving problems will impr'ove problem-sol vi rig. ' 
perf9|Tiiance has been frequently hypothesized in -the literature of mathe^ 
•{natics e.du^tion. The activities described ip this report were -focused 
on a preliminary investigation of the effects of presenting problems to / 
children without any prior formal problem-solving instruction, on the / 
children 'stability to.solVe the problems and on t^e'ir subsequent problem- 
sol v4ngperformar\ces. . / v« 

\ * • ■ ■» ' ' ■ / ■ 

In this preliminary investigation'^actors such as problems and prob- 

lem types., problem-solving strategies', classroom delivery formats and 

■ ■ . ■ ' . - - . • ■ /,.■ . ■ 

other concerns were to be considered in anticipation of(a 'later and more 

, Si , / ■ 

fprmal investigation (not funded) of this centra] hypothesis. A dis- 
Cussion of some of i the above-mentioned fattors follows. / - • • 

Problems and probletn ty pes.- As repbrted'in the 1975-76 MPSP pro- 
posal , a "problejfi" was conceptua'1 Ij^ defined: "in terms ot the individual" 
as follows: "A problem exists- if he/she (the individual) desires to ' 



the a'ttainment of this goal is 
)unjl by using habitual responses." 



obtain a goaV but the' path leading to 
not immedi atel y known and caanot be four 

It follows thea, also in a generic sense, that the moment of the given' 
problem's /'solution", is defined in terms of the individual and can -be 
viewed as the time at whi<;h the individual bel^ii^es (s)he has ach^ed 
the desired goarof the problem. Iii essence, aiw^statement of a problerfi 
may be viewed by various individuals differently creating, in orle sensj 
a(s -many probl ems^ as there ^are problem solvers. Additionally, most pr^ 
lems can»be attacked in a variety of ways. Finally, t^ie varying inter- 
pretations of a problem and the variety of avenuesavailable^for sblu- ' 
tion remain susceptible to the individual 's sen^ of 'completion. ^ An - ,/ 
answer for one person may be totally unacceptable to another. It may 
be argued that commonly accepted definitions and conventions of mathe- 
matics and logic will substantially limit individual variation^ and in - 
this way keep the size of the stpte space relatively 4tehll. Thi^^*tl(4w- 
ever, ass'umes that the^ problem solver can employ common elemehta^ and ^ 
the developmentcil work of Ffiaget causes one to question the validity 
of such. an assumption. . Ond is left at this point with a framework which 
provide^ one starting poiht^-the individual problem solver--from which 
cautious explorations can^ begin, ^ 

^ Anotfigf starting po]nt is the natuire of' the problem types'them- 
selves • Specifically, problem statemerits were examined during the first 
yesfr (1974-75) with, the jidea that genef'al characteristics might be found 

^ ^ '■ ^ , o 

which could be used in /^he sele^ction and development of curriculi^ ma- 
terials. This examination started with word problems which are typically 
found in matfi>a(natids textbooks* It was fouftd that these problems were ; 
written to elicit use of on? or more of the four basic operations. The 
problems, even those requiring use of more than ome operation or the 



f • ' ' ' ' , , ^ * 

, use of one operation more than oncel^ required the manipulation of one 

^^^"^^^^^O"^* ^ tif^e With a one^eTement soTirtlon set for- each condition 
A Simple example may helpr 

' ] ^ ^ ^ Example A: Apples cost lOif each. John bought 3 apples. Jarve ; 
■ , * \, , bought 4: apples, flow much did John and Jane spend 

together? > ' 
. ' ■ ^••\ ' •' " 

'"ort^i^s probleij, -one may calculate John's 

and add them (3 x;10 + 4 X 10-^ Or,' one may add the/number of dpple^ 
I'eac.h fJei^sQn purchased and then Valcul ate the 'total price [<3 + 4) x lO']. 
^ Even If differ'ent problem solvers performed the operations in a different 
order, the solution wpuldl Be common to all .^ It should be- obvious th^ 
this type of 'pr-^blem does not fit the conceptual definition of probM 
• f . habitual res^nses are elicited. I^urth^r, jthe textbo6k pftoblem' 

^ /is.generally characterizetl^y the fact that it can be. solved by direct ' 
appincatiori^of .an al^orithm(s). Another type of problem, the so-called 
- process problem, was considered arid used in the^iti.al investigation. 
The process problem is characteSzed by the ^l^ures that it cannot be 
solved using a simple algorithm (or at least not using one known , by the 
, chtldren), that it lends itself to solution by one oti^ore genera l-'prib 
•lOT Solving strategies, that i% often has fljultiple ^conditions and/or 
.solutions and that the formal mathematics required is minimal. *An 

example oT this type of problem. Y^s presented below: ' ' 
■ ■ . : ■ . . ' 

..Example B: I have $1.50 in quarters and nickels. They make 20 
\ • coins. How many (Quarters and nic1<iTs^o I have? 

Here there .are \ix combination^, of quarters and nickels >*hich wouM< ^ 
total $1,60 and 19 combinations that would yield 20 coins. Of^hese 
24 chokes that sati^^y ^her condition dlily one satisfies both condi- 
tions.^ The solution space for this piroblem is pictured on^ tl/e next ' 
■^age. J \. - 
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Certatti;types of multiple condition problems, e.g., those with a low 
ratio of number of solutions satisfying all conditions to number of 
solutions satisWing some conditions, may be more readily sol vecj^than ^ 
others. Yet, within some sort of reasonable linyts; children Wseryed 
during 1974-75 year /I ike^^to at least try multiple condition problems, 
Problem solving strategies . Anothei^. factor considered in the pre- 

■ •• • ' , ^ '■■ . ■ ; ■ -.^ ' ' ' 

liminary investigation of the^efentral hypothesis (problem-solving per- 
formance can be improved by solving Voblems) was the set of strategies 
that might bp^focused upbn.' The decision concerning the strategies 
would affecl^ the selection of problems. Two papers*Corr^issione^by 
thei proj-ect and reported in the 1 975-76 [proposal focused, among other 
things, on identifying and discussing strategies, typically used \xv\ 
m^h^matical problem solving a'nd/or strategies mo^t^protjriate- for 
use by children in the ^intermediate grades. In addition, while search 



of the literature** indicates a diversity of problem-solving strategies, 

■ U . ■ . ^ , . 

there are many common strategies. • Which strategies ought .to be- included 

' t ' ■ * ' 

* Dale Seymour, "Considerarsohs for Mathematics Problem ^Solving. Cunric- 
' ulum for ttie Intermediate Grades," Unpubl i shed ^aper commissioned 
by the Mathematical Problem .Sol vilrig Project, 1974. " ^ 

Carole E. Greenes, "Identification of .froblem-Solvjng Strategies," . 

Unpublished paper commissioned, by the Mathematical Problem Solving 
X^P^Oject, 1974. ^ . ^ - 

** Norman. Webb, "A geview qf the Literature Related \to ?r*ioblem-Sdlving 

Task5.and Problem-Solving Strategies Used by Students in' Grades 4, 



.5, and 6," Unpublished paper cemm.issioned by the Mathematical 
Problem Solving Project, Septemberj 1974.' v ^ - ^ ^ 



tn the work of .children in the intermejJijate grades remains an open ^ 
question, ibqes of desirable curriculuni . content 'as^ well as deveTop^ 
mewtal; ab.il it/ a>e . clearly involved, but 't>ie d-irection to follow i s not 
easily seen/ . Eyen^th^th(^ appropr fate stra types identified, the ^ 
choice of specjfq (problems remains d;<en>s This choice becomes -espe^^^^ 
^^tical if one goes back^tO' the: e&rl^-er 'st'^¥ements regarding a problem 
aFrd^roblemvsolution. If a 'problem .statemejit is interpreted vn various 
. ways by various individuals and the respective inteJl)^^^^^^^^ are /. ^ 
/ susceptible to varying •^plution.'modes, canvV problem statement be wr*it- ■ 
tenvto elicit, use of a particular^trart&gy /from children of th,is age? Is " 
that even^ a desirable goal? Or, shduld'a prc^blem be such that it is 
potentially solvable by utijizing, one of s'everal strategies with less':*^-^" 
concern given -to any, particular one? In sj)ite bf the number^f questions 
raised, it was judged t[iat the process .pi^srfbl em? hdia the greatest poten- 
tial for elicitinWf-oblem^ solving in i^s broader .sense*and> for' eliciting 
\strategies. ' , ♦ > 



0 

flassroom'-delivery format ai^d other concerns . ' in addition to the 
probr|m types and strategies f actors^§/ated' t!fe the^pothesi s t'hat 
children's problem-solving performance will b& improved' by solving prob- 
lems, the practical is^ue df delivery into th^ classroom remains. Can 
one, as the hypothesis sug^^sts,- simply give children mathematics prob-. 
lems and ask the children to solve them? Given the definition of 
"problem", U would be prudeht to Inquire how an atypical (unknown)^ 
path to the solution is tg- be foi^fld without i »s true ti on ?* Would some- : 
thing like hints be. of help? (if so, /would giving .hints defeat the in- 
tent of the hypothesis? Another' possible tack can be found in the ' . 
learning by discov^ery literature. . Can problemr^e structured ^o that 
students d^'scover the path to solul^ions during the course of their 



r 



work? Such discoveries could come from hints, or, they could %vel op 
out or the problems themselves. A sequence, say, easy- to-harjd, .of ^ ■ 
problems might gradually develop an idea or, at I'east, gradual ly devielbp 
an attitude in students 'toward working on a problem they cannot solve 
immed^iately. Yet, how to s^uence the^oblems is only one part of the. 
classrdbm /issue. How critical a'^the^roles of the teacher and the 
students? If problems are<simply given to the students, might they, 
work together or would they work individually much like , a test? With - 
hints, one might-ask if it would be the teacher who would hald them - • 
a-nd on what bast^hey might be given out. In a lea.rning-by-discovery , 
sy$tem, students and teachers would necessarily be actively' <involve,d ^ 
in a process of active learning €rilh questioni-ng'. ^ v 

' Three factors considered in the preliminary investigation of 
'cenitral hypothesis that rprpbl em-sol vinQ^erfprmance is improved .by % r v 
.solving problems have bleen discussed, ^hese factors are the problem- . ' 
typiB^^g problem.s^^^^^^ strategies and the format for delivery, A'-further 

analysis of these factors is. described in the following section., 

' ' . •■■ . ' ' . 

B. /observation of Children's Problem-^olvingy^ ^ . \ t^/^I 

V At Indiah^University three members of ^he Mathematical Problem 
Sqlying Project who had had considerable experience with 'children were 
a"ss1gne^>t^ develop. and^ materials around'the central hypothesi 

that children can become better problem' sol vers through solving: prolyl ems 



Prior to the actual"^ development of these curricular materials, several 



questions were* raised to which attention was given. These incliiAed: 



1. Can a group of problems which elicit the desired*^trategies be 
Identified? . . ; / ^ 

^ L Can the identified problems be placed in an easvfFhard sequence? 
3» Can g^od hints/for the problems idenj:iffpd be,j4und? 
4. For the identified problems what materials seem appropriate?^ 



5;. How do' .children go about solving problems? T 
^ V ,,: : ; What is the role of th^ teacher: in the problem solving session?, 

' Jhe best way to findjjthe answers to .these questions was to test 
- .various problems and. procedures with children. The discussion which \ 
fallows outlines sbme of the steps taken to answer "the above, questions. 
,: From the /list of strategies that were suggested^in the literature, the 
MPSP decided .\hat')he hnst»»uctibnal m fgcus on. the follow- 

ing, strategies": ' .1 

\ . ^Making a list - organizing a list 
Making a (Magram (drawing a prcture) 
4.ook1ng for patterns 
Estimate ai 



indf check . 
Jtegies- In 




With these strategies- In mind, xthe team' selected prcfblfems for the children 
to solvf. The selection of problems vJ&s based.on t-he'fol.lowing oHteria: 

. 1. the likelihood of eTi citing one or more of the 'mention( 
strategie^- ' * - - 

_ 2. Th^fcoblem. was. plac^d'ih a context that a child would like 
• and provided a task that a child would enjoydoing. 

; 3/ The likelihood that the child would experience to some extent, 
. success. . ' ' ^ 

An" example of a problem liat meets these criteria is- 

,Jim worK5-^in an ice cream store. Ice cream cones 
.cost 25^. Show the ways that one could pay.'jim for an 
. ice cream cone. - • , 

This problem could be splved by making a list and possibly organizing 
Jt. The setting of air ice Cream store- interests children and they enjoy 
finding ways to make change. The problem has 13 possible solutions and 
most students should experience some degree of success. v 
Jetting 1 ■ . _ . ' \ , . ^ 

With the. coop^ationV the local 8€^iBiH:^SE^onneT , a. fifth-grade 
classroom reflecting a. representative range of social and economic status 
was selected for the prSject. The teachgr selected t\io groups of six 
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stud^s each^'cQntaim'ng students of .high, -ijiediunj^and. lowybilit^ 
^ I'fembers oK the team worli:ecr*wi th each group for 20-30 .minute periods 

■ : r ' • ' - ■ / 

• 6ne or two times a week (11 t-imes in 8 weeks)-^n aa extra classroom, ' 
Procedure ^ ^ ' • . i 

* ne Av^flat^le d^iaas- it was decided, to initiate 1;he 

^ • ^^.1*9 one grijiip work in pairs or • individual ly- {their . ; 
cholceT while the other children 'worked, together as a group, Ar\ un- v 

^ ... J- ^ 

limited supply of j)aper was made available jand^-the dhil.dv^en were askecL 
rto write down as much xletail as possible st]6wifig how they had worked 
with* the problem. The children's work was trteff collected and kep±^ in 
inclivldual folders. In adt^tion, each session was audio-taped and 
^ few^€essiyis were vqdeotaped^. 

To be/ln each session a team member {$ession leader) read the 

. ^ r \ - ^ ' ■ X, . • 

problem artd answered questions from the chj;ldre.n concerning the problem 

■.•■•** 

statement. One copy of the problem sta'tement was available if any 

. - ■ / » ^ ..... V 

student wished to read it. While the students worked, the session 
leader;was available for questions, experimented with giving hints and 
initiating discussions. The discussions were initiated by the session 
leader when the students' re3ched a point when it was felt that. the 
groupXshould talk -about the problera'or when the problem was salved. 
DuK^ing .the discussions the students shared methodV^haJ^^ had used 
In attempting to find a solution, 'When the^discussions hdd- ended, the - 
students' work was collected and another problem was presented or the . 
group' adjourned until the next meeting. ' 

The other member(s) of the team served as observer(s). Particular 
attention^was paid, to. how the students worked and to the role that the 
presenter played. Following each session with the children the team 
analyzed the data. , . " 



• AiFter 11 sessions with each group over an eijght-week^eriod,- the 
decision to terminate the prol^J^bTving ses^.ions was made. .Enough 



^dat^fcrr the pre-curriculum development had been, collected. The re- 
sults of tha prpblem-sdTv+ng sessipns are sumlfi^rjized' Ijelow. • 
l .1 gro^ft. of 'problems V- ^ ^l icit the*" desired st ratpaip.; . 

Problems could wr i . ui^which woulu tflicit s^jetif ic'- atey as. 
But the implementation of those strategics by the children was at vaV 
ing levels of sopliistication. For example, 'a child might, make an' esti- 
mate and check it^. But the^t estimate did m necessarily follow 
a dlscernable course^ of refineLnt. Or, a list might be made but no ' 
l^apparent pattern or organization was used in-developing the elements of 
that list. However, regardless of the level of performance of a given 
child, the problems did elicit reasonable attempts at or approximations' 
of the degired strategies. ^ ;, 

^ The problems identified seem, in Retrospect, to have sortie discerrrabl 
characteristics.^ The probleitis were chosen "because "they worked" and the 
. characteristics 'were identified later. No checklist -or algorithm for „ 
writing this type of problem fs int|ndelSor felt' to be possible at this 
time. The characteristics of these problems include: ^* 

0) AirjJhe problems We placed in a context to which the children 
could and wanted to relate to.- Some problems were based on a "real" ^ 
situation; others were nqtVso real but 'still of interest. The same math 
con^nt in another conb)j^ght well get little attention. For example! 
"How.many ways can you pake change for 25^" generated lessV interest than 
the ice) cream 5tore problem mentioned earlier. 

. (2) None of the problems selected could be solve* directly by an 
"algorithm (at least 'not by one known to the child). This is in contrast 



txp tliie' tjfpica| ^textbook problem whicK can^usijally be solved directly 
by appficati^n t)f art algorithm (or a combinati^ of a-lgorithmVj such * 



as the ^addition, subtraction, multiplication or division -^gorithm. 

(3^^A11 of th% problems require minimal mathematica^l skills. At 
-theijp simplest leveUUhe proMems CQuTd^e_so>ved by countyTn^. No v-^* 
higher '^neralTlons ^were nee'dfed- ahd observations indicate -^at counting 

used mosL rrelquehtly to soive^tne fjioblems;^ For example,, in the 
$1..60 problem the children could count by frves toften on their fingers) 
instead of mult1p1jj/i,ng or /^ivid . " 

. * (4) Most of the problems' had multi pi eSolytions- or required find- 
ing >sever5il solutions'^ to arrive^at the final solution/ For example, 
"Show all the ways John could get his allowance of $1.60 if he only got 
quarters aind nickels"' is a multiple solution problem? \Asking, "How 
man^ways could John get his allowance of $'1[.610 if he got quarters^and 
nickels" is a single solution prbblem which, in effect, requires find- ^ 
ing several solutions. 

• r • • . ■ ■ ■ ■ ■ . •• 

(5) Many of the problems. included two or more Conditions yhich 
[had to be considered simultaneously. Some problems requiring^ the* manipu^ 
lation of two conditions wey*e quite within many children's ability range. 
For example, in the $1.60 problem using quarters and nickels the children 
"had little difficulty in organizing, to some extent, a list show.ing at^ 
leBst^ome of the solutions. However, those problems with three or more 
conditions were generallytoo difficult to elicit a particular s^ategy. 
The problem where John is paid hiJs; allowance of $1.60^in nickels, afimes 
and quarter! with 19 coins is an example of a problem with (at l^d^t) 
three conditions. Here the solver must work with three instead of two 
djffer(5nt coins equaling $1.60 in additton to the -third condition on , 
using 19 coins. Some children did find solutions to this problem, but 
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^ ^ '> ' ' * .-^ ■ ■ ' ■ ' ■ . "1.1. ' 

; V ■ - ■ \ V'. 

•,' • dl^^not solve it using a listing strategy. Other children would focus 

v on*one or two condition's while ignoring the other conditions. 

• . ' ■ (6) There was a conscious attempt' to write' the problems using 

^' , lansuage that would be correctly interpreted by children*. While no 

forma} ^ri^eria were developed for these characterist^cf , a stron| 

. .«;feel" for "good" problems^gS^Jnd it became evidentt^hat problems 

•which oug\^t to '^icit a particular strategy,^ from an-^adu'lt-'s^tandptfiflt, 
■ ■ ' ' ' . ' / ^ ' " j ^ ' • 

.. would not necessarily el icitr that '.'strategy when the children solved ^ 

. the pgobl?|)p. • ., r . . ' ^ • . . ^ . , . . . • 

'A r\ot$ should be added here that these problems p^odgced t.fie desir- 
able nesu]^t that the children enjoyed work'ing on the problems to the *^ 
extent that they were anxious to get more and even asked to' take W(ir!j. 
home. This highly motivated behavior is in contrast to the somewhat 
reticent outlook'encountej^ed 'lit th^ beginning of these sessions. Whil^ 
, it is cl?ar that-a parfof this change must be Attributed to the special 
nature.of the situation and. the relationship developed between the chil- 
dren and the MPSP personnel, it became equally appareht that a substan- 
. gtial part of the motivation' was due; to the interaction between the 

students and the pro bTemW 'These children ]iked to solve these proi)lems:' 
2. Can the . id entified problems be .placed in an ea'sv-to-hard sequence? .. 

In-order to develop an atmosphere' conducive to opkn and imaginative 
attempts to solve probleQis:: within the groups, the initial sessions con- 
centrated on interpersonar dynamics and the identification of "good" 
problems. Difficulty and* sequencing were, secondary- issues. When, in ' 
about the'si)(th session, , sequencing was addressed as an' issue, it was .. 
discovered tliat . the issue had changed. 
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>-»v5*^'s:ww. analysis of the first five sessions yielded the reaHjMtion 
Ehatpt:pbl^s wh'ich might be consid^red^ :'<fff^icult" were given to stu- 
*; . dents in the early 'sessions. ■ Also, diffi<!;ult problems had, to some ex- 

^ * * tent, b^en alternated with easier ones in -the* spirit of "^Jot^edoing". 

' ' Cdrrying- this initial "se/fjuenc^ into the remaimhg sp^^-rinn-- the p^^'^'' 
.•1i|dings were validatd'd. ';\n easy-to-hard sequence wuj i€ss ,s>iccessfu-l 
Ifi involving the chifdren than simply providing probjenlfe that motivated 
; • them. Th^e appeared to be s need for sequencing but the .sequenjfng 

included "many importanj factors such as. motivation and variability as ■ ^ 
/"•^ * ^ I ". well 'as an easy-to-hard order. 

3. Can good- hints for the' identified problems be developed? , • 

Over time, attempts to provide hints fell ihto two categonesr Qne was 

- '. ' ■ ^ " ■ ' - V » 

* - . the typical type of hyit that one finds in mathematics texts taking th 

form- of an information provider or reminder and presented as a statement. 
When given this type of hint,.students tried to' fit -the information- into 
their solution mode whether it was actually apprd^riate or not. Fre- 
' • quently, a supposed hint became a new,problem in that the stu(Jent ended 
up trying to figure out how or why anyone would thin'lc the "hint" would 
actually help. The statement seemed to carry. with ij^ an imperative for . 
.tise. The second category of atteimpts to help students' problem solving 
gain momerrtuf took the form of questions. The questions 'themselves pro- 
vided little direct aid or n^w" information : What they really did was 
to get discussion going among the students. The questions V^ere evaluated 
If one seemed of no value, students. rejected it. No imperative for use 
' seemed to be attached to the questions. ^Jn this catalyst role, "hints" 
■ in-the^orm of questions seemed quite good at getting students through 
an 1mpas^. . , , 
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'..4;.. How do children go about sol ving "problems? 

; . The^tructure initially chosen for the problem-solving sessions. 
' was^resentlng the^ problem, working, on the problem and discu«^<;-t'>q thp 
children's work, ft was felt roa.o^^.' - ■.i ra^h.un a.id v 

'hen iiK^J] -, u.c structure as the children's needj s^ejmed to dictate.'"" .. 
; •The . problem presentation peripd was' intended' to ciet* the problem- solving 
state[nent: to the chiildren and atllow them to clarjfy 1;hei,r understlKing 
o.fj^it: • During tMsi time which, lasted only i a fe«^ ftincites , the children 
^^nmany,as.Xed. questions aimed at both problem Comprehension and at . 
finding or 'saining approval of a solution mode. The latter 'questioning 
dissipated quickly 'when tha session leader refused' to provide this direct" 
type of assi^tar^ce. To some extent , the compnehelhsi oh 'questions decreased 
in number also. This, it. is felt., refTected the children's increased 
'skill at comprehending problem statements thoDgh thi-s corjclusi on remains 
tentative. While variations of presenting the problem were ^ tried (e.g., 
having a student read ,t he problem statement, ^having each child read his/her 
own copy of the statement silently, ha\^in^ no presentation time as such) 
the existence of a "time" for presenting the problem and having compre- 
hension questions asked seemed'essential.^ / 

The perfod for working orrrthe problem was, at t^e outset, the most 
open-ended of the three periods'. More than with either of' the other two 
periods, it was felt the children* would have to provide' their own path. 
Paper was given 'and grouping i|<QH||rm-itf- were mat^ej. From that point 
on, the children were in charge^^heir^ own efforts. As^"t turns 'out, 
no other formal structure was^needed. While, the tetm presenter remained 
in the ^eral vicinity of the problem solvers, the children worked very 
much'.on tfteir own. Most children varied the level and nature of their 
interaction with others. i-At times, some would work, alone while remaining 



(phj^sicalTy) within the group or the Oi'- ^^ fii^ • - might 

,]u<?f look a' . ,|. . , m , , r^^, , ci ' ^^olved a 

probiom beemed to be a strong cataly^i in helping a child get started 
or renew his/her efforts. Questions were posed to partners or to group 
members. Declarat^'ons were made and attacked. Arguments developed and ^ 
were resolv^^ The flow of thei intji^acj^ion was rapid, varied and un- 
predictable. One chil4 might, sit quietly 9bservi'ng ^discu^ion and 
suddenly cut through the difficulty with^ resol-utibn. Or through an 
insight, a debater might suddenly dTwxj^r the "key" to the problem. 
The pace and-nature of these problem-solving times varied. But, after 
several attempts at^nipulating the structure of this period, it be- 
• came clear that the children cquld and should be .left to their own * . 
devices as long as behavior remained within reasonable limits. When 
the limits were crossed, a quick word ^om the session leader brought 
the children back to more acceptable 5ehavior: -Finally, it should be 
kept in mipd that, on ocpasion, the children, did ask the Session leader, 
questions. The availabil ity^'of this outlet seefned indispensable and"^ 
the manner in which:'it developed is discussed below. • 

The discussion session was intended to review a^id ^analyze the 
process of solving theTproblem and dravi^eneral izations from the wori?: , 
done. Atso, since no indication of rightness or wrongness of their, 
solutions had been given to the children, it was felt that if such in- 
(fli^tion was indeed needed, th^is woiild be the place. As it developed, 
the discussion did all of these thtngs to some extent. The strategies 
which the children^pToyed were discussed. Generally., the children 
focused on the ackions that led to their solutions., While many children 
were anxious to rglate what- they had done, oth|rs were not. And those 
who wanted to talk^about their work were not necessarily the best problem 



- / 



15. 

solvere anc uiQ not necessari I - -lave the correct answer(s). An^zing ' 
the strategies, empK)yed and generaHzing took place on/y if initiated 
and directed by J;*/ session; leaded While the students became better ' * 
at analysis, e.g., looking; for patterns, they did^not initfiate th^ 
actlv^y. Senerali^ing to a formula remained a part of the discussions^ 
that met with little success or. improvement. Although for some -problems 
the childr^ wer« not told the correct answer (s) , they inc^cated a def- 
^ ^ fnite pVef erente for%eing ftxld the answer(t) after, they had compieted 

their work on a problem. Jlcdata other than student comnents^pecifically 
support or refute the propriety of givirjg the answer(s) but. since giving 

answers was most comfortable for the MPSP -personnel a^ the children, 

• , ■ ■ ' ' ' ■ ■ * 

this was done during the discussion. " , 

^' What teacher actions ar e appropriate to complement (foster) the 
ch 1 mren s prop i em-^soi vinq" beha vi or? — ' 

Since the children's activities in solving problems provided the ' 
, lead for determining teacher,action, ^i^e latter actions, are covered 
_ in the three parts of the problem'-sotving session just Outlined. The ; 
session Uader was serving as a teacher in the sessiions wUh children / 
An analysi^s of the session leaders actions -was important so that later* 
teachers might be- advised. 

The problem preseatation period\was simple dnd straightforward 
The session leader read the problem aind answered questions specifically 
.relating to the m'eaning of the problem statement. The attempt was made 
- In the reading of the-probl em to emphasize or otherwise signal importanf" 
wprds, content, etc.,, and the problem was reread on req^est. Questions 
like, "Does that 'mean you're supposed to add?" or "What should I do?" 
were responded to with a' statement to the effect of "I can-'t answer 
that". The children quickly accepted and adapted to this rule 

■ 20 
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i, initial ly,. war: 



The role of the session leadfer during the working-ofi-the-problem ^ \ 



phase, initial ly,. was less clear .\ As mentioned, efforts were made to 

provide hints. ; Alfft, for a couple of sessions, chiidreor weije allowed 

to ask any question they wanted exc^^' the "Is this the xi^ht tfns^^er?" 

variety. Questions like "W^iat do Tdo now?" c^me up but jiothing{ jnojre 'r 

^substantial. Initially, "Is^'this i^g^i^^ asked ti5>o. 

I Session leader moves ^ giving hirsts, .answering-any and all questions 

and not doing^ anything fatted to foster children' s_|irogress in solving 

prgjflems. Two session leader actions were grtWaH^ that did 

"help. 1) Asking questions to f os^r corijfl^reheiisioTi or problem attack 

seem to. move *the children frbm/lead center. For example, "What is 
* r 

the important information?'". '*What will the-Vnswer look like?", and a prod 

. • • • . ■ ^ — 

to searching out alternate solution modes, 'e.g., "Is there another way 

vto' try this probl 6m?", often helped get a problem-solution process 

going again. 2)' Forcing the question back into the group. was another 

adult action that met with some success. Saying something like, "It 

mMht &e/a\|ood idea to ask Frank", or "Have you checked witlj^ Karen on 

that?", TOndetS/ to^'get thei interactifin going again. As discussed, tfvK 

interaction then served .to move the process forward. " 

' Discussing the probl^rtt after the children had solved the problem 

wa"s, like presenting the problem, more adult-centered and structured. 

The session ^ader organised and initiated the discussion and gave the 

answer(s) t6 the problem. As mentioned, children were eager to tell 

what they had don^.; A? time went on, there" were/ volunteers as sopn as \ 

the discussion period began. Analysis and generalization required 




step-by-step questions from the session leader. Often the children 
did not seem^o understand the line the session Vfeader was following)^ 
In these cases, analyzing an'd generalizing was just dropped. As 



mentioned earlier, the children wanted, in- the end," to know the answer(s) 
to tfexproblems. It Was found that spying something -lik&j '.'Here's how 
I'd solve this problem" and modeling a ^^ohition' mode was m^t successful. 

^_ A^this' point, answer(s) «as(wei>e) gi^en. This .mod^Hng w^s no't a question 
and -answer time. Nor was it a lesson or li^ure. Rather\he "leader tried 
to discuss (show) how one might solve the problem. -This m^S^eling^f a 

, solutiqn.jnode seemed'to hold the children's in4rest best and >t received 
the ojpst favorable response, 

I ■ V • • • 

' . • ~ ■ ■ ■ . • -v. 

other Experiences ; i ' . " ^ . 

. The team had additional expe^i^nce with fourth and fifth graders 
by piloting aval uati on instruments and other problem-solving materials 
that were being developed by the MP?P. The benefit of thjs work was 
two-fold. 1) Tf|'e team gained experience from a classroom teacher's 

rtnt of View by using various instructional mode? uagth total classrooms.. 
2) As part of the evaluation instrument development of the MPSP, the 
team participated i^ piloting the instruments with various classrooms. 
One of the efforts involved giving a set of problems to an entire, in- 
tact classroom from which the chi'ldren had been drawn-fo'r the special 
sessions. An informal attempt to sort the, work of children who had 
been given special sessions from the other members of the class was 
•made. It was possible t9 separate their work from their classmates 
based-upon the ability to generate and sustain an attack on the problems. 
This informal sortin5~was not conclusive but it did provide an indica- 
tion that solving problems might improve problem-solving ability. 
C'. . Preparation of Mate^^ls ■ . 

^ The goal of the problem-solving sessions and the other work with 
children had been to provide sufficient experience for the team so that 
problem-solving material based upon. the central hypothesis- could be - 



^ ..> I ' ' * 

develii^ed. The work with children had provided the critical elements 
for producing materials which would improve childrenj s .problem-solving 
abilities through solving problems. The .elements fhclude': ^ ' 



1. Creatio'n of a classroom situation conducive to problem sol vingT. 

■ s '**■"> ■ ^ 

To do th'is it W8s felt that the teacher had. to facil itate ^ 
students' efforts by: ^ ^ ^ 

- legitimising all students* attempts to solve problems, 

- aiding students only in understanding the problenjis, 

■ I. ■ 

- allowing each student to 'follow h>s/her bwn sense of how 
to attack the problem, / 

- not becoming involved in the prob-1 em-sol vtng process per se 
and, " . ' V , « 

^ achieving' closure on respective problems through a discussion 
. including review, analysis,* genera liiwti on and modeling*. 

2. In place of hints, questions which regenerated the' groups process 
^ were .to be used. " ^ ^ 

3. The opportunity to view samples of others' work was thought to 
' ' - be useful . s ; 

4. Each s/udent had to have, control wrth?n wide deportment .1 imits 
of his/her own probleSpi-soTving efforts.* 

^the focus of materials development had , to be centered on .interaction 
among the teacher, the students and the- -materials. The relatively novel 
yet necessary teacher behaviors^were to be inteir^faoed with the* equally 
novel student behaviors. Yet there could be no ^masMve in-service train-, 
ing of teachers. A way had to be found to present problems to children 
and tt utilize appropriate teacher moves in the spirit of the conditions 
cited above. ° These factors resulted in the decision to develojD a problem 

. • • '■ , ' ' • ■ \ ■ ■ ' ■ ' 

solv'tng bullet^in board which, Vi.a a problem-a-day appreaeh, seemed to 

M - ■ ■•■ ■■• ^ 

havjg a good. 'chance at being a possible yehtcle to deliver problems to 
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the childrerTwr^ut a great amount of wbrkon the 'teacher's oart. 

The^bullefin board contained four instructional parts. These parts 



- of the board include; 



^1. "Problem"— located inHihe 
ment o^ the probleTn. " 



ttel' ^t the top and state- 



) 



2- "What Others Have Tried" - located beW and tovthe.rig^it of the 
. Pr°^^'" -statement! It contafVis sahiples of ;>ther students'* work 

on the problem. " ^ . . ■ ' .-A.'*;- - . , 

■ ■ ' • '•" : ' '"^l^ X 

.. : 3, "Will This HelpT'.'j-ldcated- bf^Ynw and to the left of- the probTem 

■ ■ statement. It contains .a group of qu^ioiis^and ideas' that • 

helped students in the problem-solving sessions, progress with 
their work on the problem.' \ " ' ' > 

4. "Here 'y So y More. . . Interekted?"- loratpH in" the, center "at the 
bottom contarins additional problems— extensions of the problem ' 
' statement for students to work on. This-seGtioa was addecTta " 
encourage student initiative .a^ well' as allow further study of " . 
probl em-sol vin^behayior. - V • 

i , Permanent holders .were designed to hold the instructional parts .. 
for- each problem. 'The permanent holders were placed on' an orange diamond 

background so that it" looked Tike theifollowing: / . 

Have You Tried 'This?'' • " 




the title page for each of the; holders was designed to cover' aHd hold 
the informatlofi for ^ each part. The coyer for th^ problem statement was^ 
ma'de of clear acetate- so that tfie problem/of the day was always visible. 
TheNCOvers^ foc-^the rerpaintng parts were made>f black acetate' so that the ^ 



studt^ had to'' lift it up to use the information. The title 'for each 
par/ was silk-screened on the acet'ate sheet in .yellow. The yse of orange 
yellow,. and black as well as the appoirance o the ^ 

board a very attractive element in the classroom, . • , 

)• While th^ problem statement was always visible^ the other parts 
of the board w^re designed so that the^studeVits could receive only one* 
•^iece of infonricitio^^ time, • Forx-example, the questions for "WjlU 
this help?". ^re" typed on individual sheets of paper so tha^. if the stu- 
dent wanted more .information he needed* only to lift the* sheet pi*' paper 
to find tht next pie^-'of informat^n. The bottom of the pages were 
gJ^aduated so^'that it was easijer to lif*^e sheet of*-paper each time, 
<^ the materials' for each problem were storecf together in a packet 
for \ he teacher,' Each packet consisted of four pie^s of materials 

3igh corTespond to each of the sections of the board, described above. 
To begin a'problem, the teacher took the problem packet^hd plaqgd each 

problem section in its place on the board. ' 

' ■ ^ — ^\ . :.: ■ ■ . . ' " 

CTas'sroom Procedure ' ^ ^ 

A classroom^procedure for implementing the delivery system was^ f 
developed, procedure , contains* three §teps: 1) Problem Introckiction 

2) Solution Effort, and 3J Problem Discussion. " Table J^rovides an . ^ 
bverview of -the steps and a 1 i sting of the- possi^ble tesi^her ana student- 
behaviors during each step. These listings are examples of behav;i or s 
to provide a feeling for each step. They are not intended to be com- 
plete o^ to represent the outer limits of behaviors for the respective 
/Steps. ^ / ^5 / . 
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^Table 1 
Hetin Board Classroom Procedure 



Step 



' Oqtcome 
— » — ~ 



Possible Teacher Betiaviors • Possible Student Behavior 

— — ' ^— -—^ 



1;' 



Problem. 
Intro 



Students will 
understand 
problem 
statement " 



^pTution 
Effort ^ 



Students. will 
develop and try 
^at least one 
strategy for 
solving problem 



put problem. sections on 
boards * ' 
present problem to clasa 
facilitate discussion/ 
question -asking re: 
problem comprehefisioh ' 
organize problem-solving 
process * * , 

explains/reviews board 
secticfrTs ^ 



re^d problem on board 
listen to problem being 
fead 

ivrite out problem 
record key information 
contained in problem 
ask questions to clarify 
problem , 



- devote class tfme td 
. work, on problenr ' . » ^ 
- -facil.itai;e student efforts 
encourage students to help 
' each" other and/or share . 
T 'ideas y . : 



/ 



works alone on problem 
reads at Kast one ^ 
"^section on jboard 
works with, at least one , 
peer ^oi:h probl eiti/exten s i orTs 
discusses problem with ^ 
peers " 
works on and/or discusses* 
pirobl em/extensions with 
-family membersr ' 



Problem 
Discussion 



Students will 
discUssHheir 
respective 
efforts, and 
gain new insights 
into the problem 



- devote 5 minutes* to - 
presentation of problem • 
solution \ /. ' 

- allow students to 
demonstrate thetr ^ 

. (different} solutions/ ' 

^processes 
'-^ai.d in, bringing to light 

.generalizations inherent" 
' . in work- on\problem analysis 
^- analysis 



offer^to discuss own 
/process/solution(s)' 
y 1 tsten/d rscuss. other • s-. 
process/sol ution(is) 
analysis / * 
generalization 
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D. The Pilot Study: . Part J- ^ , 

-While the problem-solving board concept seemed intriguing, the 
lack of experience wi^h this type of instructional material caused 
many questions to arise. It seemed prudent to pilot test, on a small 
basis, the instructional materials themselves before the materials were 
Utilized to test the central hypothesis. A two-stage design was adopted 
to allow testi^ig fitrst of the bulletin board coi;icept and'second, ^assuming 
succeta of Ihe pilot, of the central hypothesis (utilizing those materials) 

The pilot study of the bulletin board materials focused on their 
viability by asking the following questions: 
Does the pr(^bletn-sol ving bulletin board: 

1. generate the desired affective set? 

2. stimulate the desir^dHnteraction among students? 

3. adequately deliver the information to the student^T^ 

4V contain enough* information to allow students to make reasonable 
attempts at solving the problems? • \ ^ 

5. contain materials the student' understand, and utilize? , . ' 

6. yield the desired teacher behaviors? ^ 

7. provide problem-solving practice to the* extent that it improves 
problem-solving performance (in the spirit of the commonly-held , 
conjecture)? 

In addition to the specic^ic. issue of probl%i-solving board viability 
questions of what accompanying materials teachers might need and what 
(classroom) teaching techniques worked well (and not so well) were in- 
cluded for examination. 
Design 

Initially, it was felt that observations of the problem-solving 
board in use in the classroomsN^ind interviews with the participating 
teachers and some of th^eir students would provide sufficiefit data to 
evaluate the- viability of the problem-solving board. Later, after the 



experience of piloting the evaluation material (see page 17) it was 
divided to addT^ comparT*son, on a post-test basis, of the children who 
had worked the ten problem;s on the problem-solving boa^d with one class 
of fourth graders who had no contact with this pilot test effort. Four 
problems were selected' representing a continuum from standard textbook 
problems- to *a process problem (as discussed earlier). While this com- 
parison was rqpognvized as a honformal and fairly crude test, it was 
felt to be a fair -prel imtffary look at the pote\itial effect of the problem 
solving boards " 

One*third-grade, four fourth-grade and three fifth-grade teachers" 
•volunte^d their cl.ass'e^ for the p»ilot study. All but one of the fifth- 
grade classes were located in one school which had a population most 
representative of the total school district. The;other fifth-grade 
class was selected on the basis of availability. These classes, as is 
typical in the" school district, were self-contained except for reading, 
and consisted o,f -22^28 chi ldrjgn each'. The teachers represented- a range 
^\P^l^'i^n^:e and styles. . . ' 

>^^/f^- '■ .y? : > / ; ■. ■. 

, , t'F«c:h',teachfer-^^^w^^^^ problem-solving bulletin board 

■:^Mjimf'^M}m Each packet containing a "Problem", "Will This 

^'^^i?^,''G<!t»eYs rwa ve-".Tried" , and "Here's Some More. . .Interested?", 
^^^^^^W^^ a paper clip, and the ten packets were contained 

In a ]arge manila envelope. The packets were placed in each envelope 
in random order. ' 
In-Service Procedure 

, AW-hour meeting was held for the teachers after the school day 
at the school building from which the majority of classes came. (The 
one fifth-grade teacher from another school was given materials and 
information on an individual basis.) Teachers had beep visited prior 

i 



to'^the meeting and given an overview of the. materials. Following the 
mMfing, those in attendance were asked if ^they wanted to volunteer "^o 
try out the new materials. Seven teachers attended the meeting. Five 
volunteered and three others were recruited at a later date. An overview 
of the meeting is presented below: 
I. Introduction: The goals of the meeting were outlined as being 
the presentation of the problem-solving board materials and the 
volunteering of participants for the pilot study. Background on 
the project as a whole and the first semester problem-solving 
sessions were given at this time. ^ 
II. Description of the problems and their use: The three-step process 
was described and some ideas regarding classroom use were discussed 
Specific mention was made of -the Treed for the, teachers to addpt the 

board to their own classrooms so that a realistic view of its via- 

^ • - » 

bility could be gained. 
III. Solving a problem: One problem: was solved with an MPSP person 

acting as teacher and the teachers in the role of students. 
IV. A question and answer session , » ; 
v." Request for volunteers ^ . , 

Study Procedure 

Over a 21 school -day' period, four fourth-grade,^ three fifth-grSde 
and one third-grade class worked ten problems on the problem-solving 
bulletin bo^ird. Teachers conducted their classes as usual integrating 
the problem-solving materials in the manner they saw fit. This yielded 
a variety of teaching styles using the materials (open-traditional class- 
rooms; teacher direct^ non-teacher directed problem-solving sessions) 
and a variety of problem-solving environments (some ^udents took prob- . 
lems home; some were to work on the problems during math time). The 



■'/ ■ ■ , ■ ' ■ C' 

three MPSP people visited e&ch class as scheduling permitted, arvd on 
occasion, took charge of a^ssidn to experiment. with teachijig mode's. ■ 
Informal discussions were he^d with the teachers whenever .possible and 
each was interviewed following completion of allproblems. In addition, 
•Students from each classroom were interviewed, the students interviewed 
represented the ra^e of ability and interest Ifevels found in their 
rooms. "i . ' ^ . * ■ 

Results of Pilot Study I - i 

1., DOES THE PROBLEM-SOLVINfi BULLETIN BOARD GENERATE THE DESIRED AFFECTIVE 

The bulletin board proved quite effective in generating the desjred 
affective set. The observation data clearly shows that th^ students were 
involved, interested and enthused during the problem-solving sessions! 
Qe data also indicates that the teachers were quite pleased- and excited 
by the students' interest and 'success with' the board. ,\^In interviews, 
teachers related many instances of children checking the bul letin. board 
.for a new pr^BTem as soon as they entered the rbom in the morning and • 
of chi.ldren's disappointment if a problem-solving' session, had to, be can- ■ 
celled because 6f scheduling conflicts. 

Several teachers were quite surprised to'fih^this enthusiasm demon- 
strated by children who typically did little work (and poor quality work) 
if] class. That the children v/ere able to attack the problems indepen'cfei^^ 
and with such vigor also surprised and' pleased most of the teachers. Stu- 
dent interviews suppiSfrted the observation and teacher interview data. 
The children told of their own pleasure and excitement utilising the 
problem-solving board and some exp^ressed disappointment that the board 
was no longer being used! It seems^qtjrte^'dent that a very positive 
affective climate existed in all/participating classes. 
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2. DOES THE PROBLEM-SOLVING BULLETIN BOARD STIMULATE THE DESIRED INTER- 
• ACTION AMONG STUDENTS? • 

Observation data corroborated by teacher and student interviews, 
indicate that there was a substantial amount of interaction among, stu- 
dents during the "Working on the Problem" stage. In a manner analgous 
to the earlier problem-solving se^ions with small groups, the level 
and type of interaction yaried among students and across problems. Yet, 
there was always the hum of discussion and it was unusual to observe a 
period during which a disagreement over a solution or solution mode^did 
not take 'place. It is important. to note that while there was muctr 
interaction among the students the children rerliained on 1;ask^an^ there 
Were no disciplinary problems to. speak of. 



3. DOES THE PROBLEM-SOLVING BULLETIN BOARD ADEQUATELY DELIVER THE ^ 
INFORMATION TO THE STUEJ^N^TS? - , ' 

All three data sources agree that the problem-sol ving board proved 

to be a very viable means' of delive'ring^'nformition to the students. 

Its. design and color scheme were attra^ve^and the flaps covering some 

of the information served to raise thfe^ildren's curiosity. While'^the 

manner in which' the packets of information were held under the cover 

flaps was found '{o be flimsy for the type of use given the materials, 

the basic design Was indeed adequate for the task. 

4. DOES /THE PROBLEM-SOLVING BULLETIN BOARD CONTAIN MATERIALS THE STU- 
. DENTS UNDERSTAND AND UTILIZE? 

7 

They problem statejnents in the "Problem"^section of the board, by 

. * 

general agreement of observers, te.achers and students were quite under- 
standabile and useable^ . 

The questions in "Will This Help?" section also proved to be fbnc- 
tlonal and understandable. 



The samples^/ other children's ^ contained in the "What Others 
Have Tried" section received mixed. comments. Observers indicate the 
section was "useable and the samples seemed to be unders^od by the chil- 
■dren. The teachers ,_however, gerferally felt the samples were hard to 
read because of poor reprodi^aion and not easily interpreted; Children 
interviewed said they could read and understarid the samples but that, 
generally, the -section was of little help. Examinations of student papers 
and analysis of the interviews led to the conclusion that, while teachers 

1 

did not pcessarily understand (or like) the samples of student work, 
the children did. Further., while the children could perceive no direct 
aid being provided; .the samples lid help provide the feeling of control 
.over the problem.^ In thfe end then, the "What Others Ha^^e Tried" section 
seemed to be' functional and understandable. 

"H^re'i Some More. . . Interested?" problems received little atten- 
tion while the board was in use. Teachers indicated they gave little 

* J ^' ■ 

attention to this section and did not really understand its. function. 

Student interview^ clearly showed they did not use the section and a 
liiain reason g-iy^n was. -not knowi'ng what M was about." Tot whatever the 
reasoTi, the function%g of the "Here's Some More. .. Interested?" sectipn 
was not clear to^the p^^icipants and the section nev(^ got enough ^use 
to be evaluated. ■ 

^' ?n^-AMnu PROBLEM-SOLVING BULLETIN BOARD CONTAIN -ENOUGH INFORMATION 
TO ALLOW STUDENTS TO MAKE REASONABLE ATTEMPTS AT SOLVING THE PROBLEMS? 

The answer to this question requires some extrapolation of th^ ob- 
servation and interview data. This fs^'^lways a risky and potentially 
incompiete business. Suffice it then, to say that no one Wfes able to ^ 
suggest additional ' information toMnclude on the board which would further 
enhance its performance. • 
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6. DOES THE PROBLEM -'sOLVING'bULLETIN BOARD YIELD THE DESIRED TEACHER 
BEHAVIOR? • ' . 

Although the experience and styles of the participating teachers 
varied, a uniform pattern of techniques evolved for the problem-solving 
board use. I _ ^ 

All teachers read .the problem statements to the students and re- 
sponded to comprehension questions. Queries dire^cted at specific solution, 
modes, e.g., "Does this mean add?" or at answers, e.g., "Is it 8?" created 
some disqomfort^ All teachers quickly (by* the third or f()^rth problem) 
deveJ^p^ responses which did not answer these questions and did not 
create discomfort for either teacher or studentv By the end of the pilot 
test, this stage was going smoothly and as expected. / * 

The sec^^ stage of "Work on the' Problem" also created some initial 

uneasiness in tbe teachers. The unfamiliar feel of the new materials 

' - ^ >^ 
coupled with, a degree of skepticism rejalfting the children^'s chances of ^ 



success contributed heavily to 'this feelinV. Yet, throughout the pilot 
study, the teachers remained apart frow the students' efforts and ref- . . 
directed ^questions to either thdr board itself or to other students i 
Phrases like "I can't tell, you if its right but you might check with , 
Esmerelda to see if she agrees wit-h you," and "Would it h&Tp if you checked 
the board?" were developed by all teachers. Having this type of phrase 
available and seeing'the children's enthusiastic efforts had the effect 
of making the teachers more comfortat)>e with and staying apar^ .from the 
chljldren's efforts. At the end of the study, tbis stage was also going 
as desired. 

jhe third (and final) stage, "Discussion" was, like the^ preceding 
' two. stages, an uncomfortable one^for- teachers initially. They were unsure^ 
how much input they were to provide and whether or not the "right answer(s)" 
were really to be given. Not knowing the right answers added"T^th'e 
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^•uncertainty. As the; pilot study progressed, the teachers vi^e^hlie to- 
. feel at ease with the review pf the children's .problem solutions. One 
or two of the children were able to successfully model a solution mode. ' 
Generally, the review consi$ted of checking worfc' that children ptit on 
the board. Wh^le success with .analysis and generalization was expected 
to b^ minimal and the teachers were told this, they also agreed' that 
attempting these activities was important. ' 7et, once' the reviev^of the 
children's work, was complete, no one was able to make reasonable efforts 
at analyzing or generalizing. A question like, "Does anyone see a'nything 
else in this pro^jem?." would receive no response and the matter was -left. 
Further, the teachers were unable to achieve what the olxservers felt was 
satisfactory closure. Generally, the problem-solving session ended with 
the commencing of another lesson. . A summary of a given probjem was seldom 
done and when attempted, was- done poorly. It must be kept in mind, however, 
that this limited realization of the Discussion stage dii^Wtot affect the 
other two stagers of the problem-sol vipg process in a ^discernable way.- - 
While attention and effort must be'g.iven to' improving the Discussion stage, 
c§ution must be applied so as not to dampen the affective set developed 
and losejthe open approach the problem-solving board is able to generate. 

The issue of teacher materials became the most ff-equently and vehe-- 
mently addressed issue examined. From the in-service meeting through the 
end of the interviews teachers unanimousfy stated a desire-for, at Ifeast, 
•the answers to the problems. An interesting pattern related to this desire 
was described by these teachers. During the first few (2-4) problems, the 
teachers felt a great need for answers. Gradually, this need diminished 
and, while tJiM-equest for answers remainld, few specific, reasons were j 
given for the request -and no other materials were requested. 
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7. DOES THE PROBLEM-SOLV-ING BULLETIN6 BOARD PROVIDE PROBLEM-SOLVING 

PRACTICE TO THE EXTENT THAT IT IMPROVES PROBLEM-SOLVING PERFORMANClEr 

*The post-test comparison of work on problems done by participants 
in the pilot* study with those who did not participate supported the 
earlier finding that solving problems in the mdnner ^^scribed does^m- 
prove problem-solving performance. By examining the post-tests to see ^ 
whether the children's work (on paper) would demonstrate ah abili.ty to 
note pertinent problem characteristics and utilize at lea^t one of the 
appropriate Strategies, members of the Indiana staff not directly in- 
volved^.tn the, pilot study were able to identify 64% of the children who 
participated in the pilot. In contrast, only 27% of the non-participa^ting 
children were identified as /demonstrating these abilities. This identi- 
fication was informal in the sense that no statistically reliable criteria 
exi^t. Yet, 1i^e consistent differentiation of thje work on paper of the 
children who had been involved with project problems iFrom tliose who had 
not continues to provide a s'trong suggestion that solving problems im- 
proves problemr solving ability. - ' ' ' ^ 
ANALYSIS/DISCUSSION 

The central goaT of the pilot test was to test viability of the 
pfoblem-solving rulletin board. The goal was accomjifished; The problem- 
solving bulletin board was shown to be a viable means of delivering problem- 
solving materials to the students in a manner that^yielded open and imag- 
inative efforts at solving problems. Sufficient information was presented 
in arv appeal ing, understandable and useable fashion that^tudents inter- 
acted with each« other and their teachers in a desirable and productive 
manner* Data regarding teacher behavior'was less abundant and^ therefore, 
not as conclusive. Since th^ desired student behaviors were seen, one 
can to some extent assume that the desired teacher behaviors also occurred. 
Yet the data that does exist suggests that the Discussion stage of the 



prabl em-solving process might njDt be as well .developed by the teachers ' 
^ it might have be^n. Clearly, a^better picture:of teacher behaviors 
is needed before any sol idly, based recommendations can be made. 

It.§eems clear that teacher materials, in the form of answers, are 
needed. Although the need, on the part of th^ teachers, for materials'., 
decreased during the pilot study, the availability of answers seems to 
be a necessary (and reasonable) form of sesucjty for the- teachers. It 
should ^e noted that with a minimal (1 hour) amount of in-service' work 
the bulletin board and no teaqher material s did yield, with the possible 
exception of the Discussion stage, the desired teacher behaviors. / 
The mechanics of the problem-solving bulletin bo6||d worked smoothly 
'The packets were easy to put up and take down.. $torage of packets not 
in use was somewhat inconvenient and awkward. A change seems indicated. 
. The flaps over the various sections of the board worked well though the 
•strips of aceta^ holding the packets under the flaps do need to be 
' secured more firmly.. While :it is' clear the problem-solving board worked 
weTl,-)iow it was utilized is not known. Que'^tions lik^ which sections 
were most utilized and whether certain .problem^ generated more use re- ' 
main to be answered. In a sense, ,t^ next level -of questions about use 
of the problem-solving bulletin board .were ready for examination. 

Fin^lly, and although the pilot was not primarily designed to look 
at student change, the differentiatfon on the basis of work on paper of 
the children who participated in the pitot study from those who did not 
provides ah intimation that the type of open and imaginative effort at 
solving problems provided by the problem-solving bulletin board does, 
indeed, improve problem-sglving ability. This preliminary finding sug- 
gests -a rather powerfuLpoten'tial for this type of learning and certainly 
suggests the fruitful ness of pursuing the inquiry into both ihg problem- 
solving boafd and the hypothesis. that children's problem-sol ying ability 
is improved by solving problems. ^ 
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Comments ^ 

An efforts to this. point had been directed toward a formal test 
of the hypothesis that solving problfeW will improve children's problem- 
solving performance. Work had progressed well and a suitable set of 
materials had been developed. While some questions about the problem- 
solving bul letin board' did exist, they could be answered in the testing 
of the hypothesis. All systeiiis were go except one. At this points 
notice was given that funding for MPSP would be terminated at the end 
of the academic year.v 

It was immediately clear tttat- there was not sufficient time^available ' 
for a thorough t^st 6f the hypothesis to occur. Something less, compre- 
hensive would have t6 occur -^n^the remaining time. It was decided (after 
some del iberations) to' afttempt -to gafhen the information about the problem- 
'solving bulletin boa¥trto fill in the gaps from the pilbt study. ^A more 

formal test of the centt'al-'hypothesqs would have *t(f be t delayed for another 

- ' ' < ' •■ ..." 

time and another project.' 

E. Thk Pilot Study' - Part II ^ . ' ' * 

Part II of the pilot study was designed to examine in greater.^ detail 
the workings of the problem-solving bulletin board related to the central 
hypothesiVl^lfat problem-solving performance will t)e. improved by solving 
problems. Specifically, the second study focused on. the fol lowing. /Ique^i on s 
V. Does the problem-solving bulletin board yield the desiired teacher be - 

havfors? Special attention, to the Discussion stage of the classroom 
'problem-solving procedure was essential to confirm or refute the rather 
^ sketchy data from the first study. Furthijr, a clearer picture of the 

Discussion stage would permit a better study of the whole. of teachers' 

behavior and the classroom problem-solving procedure. 
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2- Are answers -sufficient as teacher materials^ This issue follows 
, d1>*ectly (from the first study and^SemTself-evident. 

3- What use is giv^n to th/ oarts^^'f the, problem-solving bulletin board? 

• , While the firk Study demonstrated that the children did use the 

bull^etin board, no da^a wa's," keVas^ to; the use which the respective . 
parts' received or to any patteVn** of use--of eith^ the parts or the 
whole— that may Mve developed. Counts of the use of .tti^ respective' 
parts bf the board over the course of a study could, provide valuab^l^ 
information on the e1:,fec|ivene&s of the.bSard and the growth of the 
. chiTdren'^ ski 1.1s. • \ " , " • . 

^' Could insight be Qained i nto thfe validity of the 'central hypothesis 
that problem-solving performance will be improved by solving th^; 
■ bulletin board problems? . Whi\le- it was^ fully recognized *and accented 
that no conclusive .answer, to -the question of student growth was possibl 
an exploration- of the issue was felt to be reasonable., . Clues uainea 
from this type of exploration might prove , quite useful at a later date. 
.Parenthetically, it might be -added that attention to ga"ining some in- 
sight into the validity of tlie hypothesis. was, always present in the 

• investigators' focus.. ' ' - , " , , 
Materials " \ 

' . 4, 

The bulletin board was kept intact with one. change. The "Here's 
Some Mpre...Intereslfed?" Section was eliminated and replaced with "What 
You Have Tried". Thi.s new section was a blank spacfe -outlined in yellow . 
and was. intended for student wor^k. Those students who wanted to' share 
their work with others had a place to put their work. 

-Teacher materials in the 'form- of answers were developed. -A single 
sheet. for each problem w^s written. The'shefet contained thp-answer(s); 
for a problem along with the following reminders: ^ * 
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1. Make sure everydne understands '-the problem. 

2. 't^orking on. the probl-em is' rnore important than getting a solution. 
< Let the children "mess" with the problem. 

3. Encourage children to talk with each other and work together - 
if they want. • / . r, 

. '4. Allow and encourage- as much' use of the bulletin board as possible. 

Alsoi' all problem packe.ts:were^^TSiced in a sequence in'a three-ring binder. 

Finally, the number of i3roblems was expanded to' fifteen^ Fourteen 

■ ., ' , . • ' ' ' . ' ■ 

of t^e problems were chosen as seven pairs with each'pair of problems 

' ■ 

being judged equivalent. Pairing the problems was done to facilitate an 

. • • • '. ' V • . , • 

unobtrusivi^ examinaty)n ^of student change. ^ 
Design. . . /- 



a.- 

\ 



Essentially, the design that was utilized for the first study Vas 
ijttyzed hfife. Observations were co\ipled with interviews .of both the 



teachers, and the students. In this study, teachers were scheduled at 
' their convenience for use of the board end a more detailed observation 
protocol was developed. * - ^ 

Jwo additional Items were added to'this design: First, for each 
"problem in the lower right-hand corner of each sheet of "Will This Help?" 
anc|' "What Others-Have Tried" a grid for students to chiec^^ placed, 
• Students were to check each time they read a sheet. A taft^of the checks 
would provide. the needed^ data to analyze in detail use of the board. 

: Secondly, the pairing of the prob.?ems wiis intended to provide a basis 
for examining student change. Problems were paired so thai numbers 2 
and 15, 3 and 14, 4 and 13, etc.>, were equivalent. Work on the paired 
problems was to be examined for change and improv^fnent. The first prob- ^ 
lem was intended solely as a warm up and was selected for tha^ purpos^. 



six classpoems f.rbm three" schools, were used* in this, study.' Two, 
fourth-grade rooms were in one Vchool. One fifth grade was in -arrother 
and two fifth- ^nd one. sixth-grade rooms were in the .third. The fourth- 
and fifth-grade rooms functioned in^a fashion similar to the classes in 
^e first-study and also contained 2^-28 children. The sixth grac^e was 

math class in a departmentalized middle school.' It had 16 students. ' 
taken as a group, the six classes represented the range of. characteristic; 
in the school district. The teachers were representative, of the range, 
of styles typically found. * 
Procedure ^ . ' . ^ 

The distanee between the- school byiiaings. necessitated holding 
three iii-servlce medting^. Teach'irs h§d been recruited prior to the 
meetings sq, unlike the^ first ^study, -the. sessions were directed entirely 
at the teachers gaining an^-unders-tending of-and feel fSsr the problem- 
iblving bul letin board system. Each session covered the same topics and 
each remained on an informal basis. Al 1. meetings lasl^ed 45-60 minutes! ^ ' 
The issues covered during the respective sessions were: 
I. - IntroductionrThe concept and goals of the problem-solving bulletin 
board were described and background on the study was given. 
11. Description of the board :^ A d^ed description af the problem- 
solving bulletin board, Its parts and the proi)lem-561 ving classroom 
procedu^ie was provided. ' ■ . ' ^ : 

MI. Solving a problem: The first problem, la the classroom sequence 
was solved by the teachers who assumed tfte role of students. The 
, Indfatia personnel played teacher. , . 

IV. Question and answer:. The Indiana personnel discussed any questions 
the teachers had. ' ■ ^ . ' ' • 
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Over a twenty school -day period, the six classes worked on the fif- 
teen problems. Four clas^ses completed all problems; one class completed 
thirteen; one completed fourteen. The teachers adapted the materials 
as they'sav^f fit and/conducted the problem-solving sessions at a set 
time each day. This permitted, more frequent and more thorough observa^ 
tions of the problem-solving bulletin, board^stem in action than the 
previous pilot.' . - 

Results * . ' . 

*1. DOES /he problem-solving BULLETIN BOAflo YIELD THE DESIRED JEACHER / 
BEHAVIORS?^^ . . 

The primary focus here was to be the confirmation and de^taiTing 
ofthe sketchy initial findings that stages one (Introduction of- Problem) ^ 
and two (Working on the Problem) went as expected. At stage three (Dis- 
cussion) the observation reflected a variety of behavior ranging from 
little mor^ than review of the children's work to extensive analysis. 
Essentially, what was observed added to -and confirmed the information 
from the first stud^. The teachers experienced a general uneasiness 
during the first two or three problems.. This gradually diminished. Dur- V 
ing the first. stage, the teachers experienced some doubts regarding how 
much information they should give out. As more problems were worked, V ^ 
the bouVidary was established arfd no difficulties were encountered. ' _ \ 

The second stage. Working on the Problem, went qufte well. Jm . \ _ l\ 

teachers were, able to remain outside of the children's problem-solving \] 
effort!p. Initially, the teachers had some difficulty in not answering \. j^j 

■ * ' ■ ." • * '. ■ ■ ' / -i* 

questions directed at sol iit'i on accuracy or solution modes. But as the- / 
students' successes in working on the problems became more evident, and 
as the teachers became more familiar and facile with the needed techniques, 
this issue was resolved. Phrases like, "I can't tell you that but you 
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may want to check it with Hermip^ and "Have you checked :the board?" 
became part of the teachers' repertoire and were quite successful in ., 
getting the children back into the problem-solving process. The 
teachers -generally reported a decrease in sftident questioning during 
this time, ' - . 

During the third stage, the teachers generated a discussion of the 
work the students had done. Generally, this took the form of having a 
few (4-7) stud^Jits put their work on thp. board and discussing it. This 
. "discussing" ranged from a mere check for accuracy to a broad analysis 
of strategies used. One of the teachers consistently developed this 
stage by looking for patterns in the respective problems and relation-/ 
ships between problems.. This .was part of her. style and her children 
• seemed fairly able to understand her anions. In drawing out these ' . 
' patterns, she primarily developed ideas that the students had rai/ed 
In resporfse to her questioning. That they did respohd at all is no'te- 
vtorm. AUhough all teachers had to review the problem statement when 
stud<^ work was being examined, one teacher placed special emphasis on 
this p6int starting with the fifth problem. (Prior to this, the DisWsion 
consisted of having f)robl ems put on the board and checked. ) He constantly 
related work on the problem to the conditions of the problem. He also 
began modeling a solution mode inthe manner suggested. During the model- " 
ing he also emphasizedthe necessary match. between his actions and the 
problem constraints. . These latter two teachers clearly made an attempt 
to utilize the Discyssion section in a more meaningful way. One did ' , ^ 
so in the manner described during the, inservice. the other in a manner 
more to his own style and unique to this point. Both methods seemed to = 
Involve a reasonable portion of th^r respective classes and. to this 
extent, were successful in enrich.ing the discus.sion stage of the problem- ' 
solving process. 
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■v' While there was a range of teacher behaviors in using the problem- 

' ■ . • . } 

solving board, it is instructive and^of equal import to know that all . 

* • ■ ■ ' * • 

teachers felt quite comfortable with the materials and all were able to. 

adapt the problem-solving board to their own teaching style. 
2. ARE ANSWERS SUFFICIENT AS TEACHER MATERIALS? 

Providing answers to the teachers seemed to be enqugh' teacher ma- 
terials.' The teachers stated that, they referred to the answer sheets 
only during the Discussion stage, though a few did indicate ^they checked 
the number of Solutions to multi -solution problems before the problem 

* went up on the board. One teacher who began by reading the answer sheet 

before the problem went up stoppjed doing this because she ^was prone to / / 
give out all information she had (in her head). In effect, by not knowing 

lIRie information, she was able to say "I don't know" and redirect the ^ 
children to the bulletin board or their peers. Answers, then, provided ^ 
the needed. support and no teacher ijequested or thought of any other ma- 
terials that would be helpful. ' ' . 

WHAT USE IS GIVEN TO THE PARTS OF THE BULLETIN BOARD? 
The check-off system In the lower right-hand corner of the sheets 
on the problem-solving board failed in gathering data on use. of the 
board. Te^cheV^s, general ly,Njid not remind the students to use the 
grids. Where reminders were given, the Instructions varied frorh reminder . 
to reminder. QDservations and interview data. agre6^ that use of the grids 
was inconsistent and erratic. - : * 

- Observation reports show that with the first' problems, the problem 
statement was probably the most used part of the board'. Students read 

* and reread^he problem apparently to clarify their understanding even 
after the Introduction stage.|^ (Sradually, this^concentration of energies ' 

/ seems to have dissipated to where thib^roblem statement received -less 
attention tharflihe Other parts of the board. V ^ 
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The overall use of the board diminished over time also. This was 
especially true when the second^ of the paired problems we^^ done. -The , 
children commented as soon as the problem was "presented that they had had 
one like that -before* They were able to proceed with little attention 
tojthe board. 

■ f 

The function of the boeird seemed to vary from child to child. Some 
children invariably checked all parts of the; board before working on the 
. problem. Others checked it after their work was done; Some did not 
seem to use the board at all.. Others used it only on some problems. 
(Whether those who did not use the board got the information by asking 
others is not known. ) It seems that not only is a better record-keeping 
system needed but that some studies of individual students' use of- the 
board would also bethel pful in determining its actual function for t^ie 
children. . - 

?2r'-Spi5mJ2"In?wTSJ^^^° ^^^"^^ AS A RESULT OF USING 

THE PROBLEM-SOLVING BULLETIN BOARD? 

The dtesign called for comparing studeVits' written work on the paired 
problems. . It was hoped that some preliminary ideas about changes" in \^ork" 
as a result of working on the board could be gained. ^ In fact, preliminary 
. Ideas weredeveloped though- not always in the direction anticipated. 
From the work on paper which was handed in. there was some discernable 
change from the first to the .second problem of the paired problems. A 
small but consistent number of children showed some improvement in their 
worl<. This provides some small sense that growth indeed occurred. 

. A stronger feeling of student growth came from the observations and 
interviews with teachers and- students. All of these sources .agree that 
the children's behavior in eac|i casein the second qf the paired problems 
was grossly different^' than on the first, /immediately after hearing the 



second problem, comments like "We've done thi$ one before except the 
days, are different" were made(' Little attention was given to t|ie board^ 
Conversations with peers changed from abstract discussions of potential 
paths to matter-of-fact work with a known solution mode. In terms of 
the definition (see page 2), . the spcond problem statement, had ceased 
to be a problem, .the path to the solution was known. That a problem 
type should become a painless eixercise and not a problem after only one 
.sample Worn the group is most impressive. Learning and retention at 
least for a 17-day period (this was the longest period between a pair 
of problems) rrtost certainly happened. 

' For some children the* first set of paired problems provided an - 
adequate growth opportunity; No further growth was effected by the 
second set. For other children the second set of paired problems pro- 
vlded' another' growth experience. At the end of the problem sets it 
appeared evident that no additional growth would take place without some 
new influencing factor. 
ANALYSIS/DISCUSSION ' 

The second study succeeded in providing a more complete picture 
of teacher behavior in relation to the problem-solving bulletin board. 
This picture shows all teachers able to perform as desired for the 
Introduction and .^ork on Problem stages. The, Discussion stage showed 
varying levels df development by the' teachers. This is not a totally 
unexpected finding. Teachers are not typically required by most t^xts 
to lead the students toward analysis and generalization in the manner 
desired in the prJBlim-solving bulletin board. Further, it is unreason- 
able to expect a one-hour in-service meeting to pVovide adequate training 
In such 'techniques.- In spite of nhe variance' in the Discussion stage, ' 
the desired student behaviors did occur and there is a strong indication 



. that growth also occurred. ^ Any action to- provide more substance to . 
the Discussion stage should proceed with caution. Too much emphasis 
on it could dampen the overall effect of the problem-solving board. A 
balance must be achieved between theoretical thoroughness and empirical 
success. The.key to this balance most likely? lies^in the students' 
excitement and enthusiasm in working. with the problem-sol ving, board; 

r Using only answers as teacher materials was successful. While if 
seerlis feasible that some additional materials might help ease the dis- 
comfort the teachers felt in the first few days, none of the teachers 
could i^lentify any. They all agreed that the experience of those first 

. problems was more instructive than any printed ^I^ierials. / 

The failure Of the Check-off grids was a disappointment. Reliable 
hard data could have provided interesting and valuable insights into 
the use of the board and jts component parts. In retrospect, the ex- 

. pectation that the children' .would conscientiously check the grid seems 
.unrealistic. A more functional' system needs to be devised. 

^ - Yet some valuable 'information, soft but valuabl'e, was. gained re- 
garding use of the problem-solvjjjg^ board:' The heavy rereading of the 
problem statement during the initial problems.and the gradual tapering, • 
off.of this activity is interesting. If one assumes the problems to 
be of roughly equal -difficulty, it seems that the students became more 
able to pick up the information critical to the problem solution during 
the Introduction stage. Increased skij^ ir> understanding key issues In 
a problem statement is also suggested by the, overall decrease' in the 
use of the board. All other factorsVe.g. , interest level and success, 
being equal, the need for the assistance of the board seems to have 
diminished. That the children began looking. at the board after they 
had worked the problem to their satisfaction suggests a continued need, 



for the board and a rather interesting set of. learning styles. 

It seems clear to the investigators that the central hypothesis . . 
that merely solving problems does improve problem- solving performance. . 
was substantiated at least as practiced in this study. Whether the 
three procedural stage^ (problem presentation, solution period, and- 
discussion period) are essential elements, whether the particular set / 
of problems or whether any of the other factors present in this study 
are essential remain open questions. A fuller investigation of the / 
central hypothesis should be carried out. One miay in turn ask if in- % 
struction can and/or should be emplpyed to help the students move^on 
to mof'e^ sophisticated levels of thought and, if so, what insliructional 
mode is best suited to do this. 

F. Siarmxry Comments /Re's ear ah ImpHoations ^ 

The effort described in this report represents a year-long attempt 
(1975-76) to'gain insights into children's problem-solving efforts through 
an examination of ''the hypothesis that problem-solving performance is im- . 
proved by. solving problems. This section briefly summarizes the most 
important issues deatt with during this effort and provides some'impli- 
cations for future research suggested by each issue. 

All the thildren involved in attempting to solve the various prob- 
lems were able to employ, at some level of sophistication, the appro- 
priate problem-sol vin^g strategies. This was done without formal in- 
Struction In the stra-tegies. That children do employ the strategies 
opens the question of what ^rategies are employed most cofrmonljf by^. 
children and which are used most effectively. * * • 

The affect seen was generally and consistently high. The children ^ 

* ^ . . V- • 

enjoyed working on the problems and were/motivated to make serious and 

sustained attempts to achieve solutions. The factors precipitating this 

* .. _ • . • 

response remain to be delineated and analyzed thoroughly. 



, The problera-solving bulletin board was successful . j Students were 
able to employ the desired' strategies and^they were rifotivated to work 
on the problems. Affect was good. Farther, the board was adaptable 
to a variety of classrooms and teaching styles. This fnitial success 
wtth one type of curricular materials strongly suggests t^ value, of a 
broad scale development and study program on an ongoing basis. 

Throughout the year, the different groups of students who partici- 
pated in the efforts described herein demonstrated a leveling phenomenon^ 
■^that was roughly similar for respective grade levels. For example, 
generally speaking, the fifth-grade students who participated in the 
initial small group work^ those involved in the first pilot study, and 
those involved in the second pilot study all reached the same level' of 
-sophistication in problem solving. The use of formal instrumentation 
to validate this finding is a needed step. Further, if the findings 
arevalidated as anticipated, the reason for this leveling phenomenon 
would remain to be un9overed. Following in this line are i'^sues of what 
new materials and/or> strategies could be employed to move the students 
beyond the leveled degree of problem-sol ving sophistication. 

Finally, the central hypothesis that^^problem-sol ving performance * 
can be improved by sol ving' problems received st»«bng, consistent, and - 
continuous support throughout the year*long effort. Over two hundred 
students from three grade levels solved a variety of problems that em- 
ployed a variety of problem-solving strategies. Formal instruction was 
never deliberately employed and yet all students, virtually without ex- ' 
ception, improved to some extent in- either or both the cognitive and ' 
affective domains. The frultfulness of studying problem solving via 
exploration. of this hypothesis is forcefully demonstrated by findings 
presented throughout this report and by the wealth of potential topics 
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generated by the exploration and sketched above. Although much work 

remains, a small but valuable step toward understanding and improving 

chiMren's problem-solving performance was made through focusing on this 

hypothesis. 

jT G. 5(7me ConjiZJituAU Rttcut^d to CjMd/im^^^ ?n.oblm Solving 

The report of the investigation on learning to solve problems' by 
solving problems contained in the preceding sections was based in part 
on observations and conjectures made during the 1974-75 year of MPSP. 
The observations collected and' conjectures made during that year formed 
the basis for many of the activities of the year 1975-76, during which * 
this investigation took place. 

In 1974-75 the observations of children's problem-solving efforts 
. were made in three ways: 

1. by, watching individual children and groups of children as 
they solved problems; , 

2. through analysis of the children's written work; 

3. through interviews with children regarding their work in 

• problem solving. . ^ r-i ' 

The observation of the children was limited to fifth-graders so 
that developmental factors would play the least possible'role. 

... ■ »■ 

Problem-Solving Sessions " - \ 

Problem-solving sessions with the children generally were of two 
■ ■ ■ ■ • ■' 

^ types: (1) observation of children working alone, and (2) observation 

of children working in groups of three oih four. In a few instances, 

4 slightly larger groups were observed. It was antici^pated that children 

. might perform differently when they worked in groups than when they. 

• • • • • • ■ ♦ ■ ' ■ 

worked^ alone. The observers' role during these sessions was to present ; 
the piroblems to the children, to ahsswer questions about the' meaning of 
words or terms, to clear up misconceptions about the problems if they 
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arose, and to encourage the children to write down 'or talk abofit what 
they were doing or thinking. In most cases, the sessions were audio- 
tape recorded for later analysis. In addition the observer took notes 
to supplement the tapes.' The children wdre provided with paper and 
pencils if necessary and any materials relevant to the problem. For 
certain problems concrete aids (chips, ' blocks, geometric shapes, etc.) 
were also provided. The observer showed the students what materials 
were available to them and urged 1:hem to use whatever materials they 
wished. 

Amang the observations initially m^de are the following: 

- Children usually wanted to "compute"' the ans^yer. They seemed to 
be conditioned to add, subtract, multiply or divide. 

- They were "answer'*-oriented. 

- They did not want to "mess around" with paper and pencil. 

- They were not used to working in small -group settings cooperatively. 

- They had not had experience with -the process-type problem. 

- They) relied heavily on adult (teacher) guidance and direction. 

On the other hand, witH some time and encouragement, the children ' - 
did begin to solve some of the process problems. From the above observa- 
tions and subsequent actions of the children the following^ conjectures 
were formed. / 

Conjecture 1. Children (gra'de 5) can solve some process problems . 

The observers analyzed the work of children in their problem- :^ 
solving efforts. The children initially did not have many strategies 
to call upon. Most of the children made a "stab" at a possible answer ' 
and'asked ||i*e Wit if the answer was correct. When they received ho ' 
response other than a. sm-^e and "What do you think?" the children turned 



to^check their own work or asked another student. .Essentially nq other 
strategy was observeEj. ' • . , , 

Conjecture 2 . Children (grade 5) without training use only a trial- 
, and-error strategy in solving process problems . 



An attempt to examine what made a problem difficult was pursued 
using different types of problems. Issues related to readijig and word, 
phrase, and sentence complexity were examined by presenting the same 
problem using different- words and sentence structure. Problem difficulty 
was also examined by* varying the- number of conditions." While the issues 
of reading and number of conditions seem to have a direct bearing on 
/prpblem d1fficu.Uy, the issue of problem interest or motivation seemed 
to hale the greatest weight.^ In other words, if the chi Idren found the 
problem interesting, they generally could handle difficulties ^related ^ 
to reading and number of conditions.. The numberof conditions was a 
factor 1n difficulty, but just where thedifficulty exists is not clears' 
Sometimes children could solve a three-condition problem, but'no.t a two- 

condition problem. There seemed to be an interaction among difficulty, 

■ * 

number of conditions and the size of the solution .spaces for each condi- 
tion (i.e., number of possible solutions for each condition). ^ 

Conjecture 3 . Children (grade 5) can solve' some multiple-condition 
problems; but the difficulty of these problems seems 
to be related to the number of conditions, size of 
the saliition space and the motivfition inherent .in 
. the problem . 



Toward the end of the first year,, an attdmpt wa^s made to teach some 
strategies to children tD see if they could use such strategies.' This 
teachfng was done by asking the children to solve a problem and thpn ; 
'discussing and analyzing ft. In"this analysis, different ways of solving, 
the problem were presented using varidus strategies. The children were- 
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encouraged to use' some of these new strategies solving these new 



problems. 



Conjecture 4. Children (grade 5)* can be taught. Some p rnblem- 

'solving st rategies and they can use th em in xnlvi^nq 
- ^new problems. ; ■ . — ^ 



• The fact that children couTd use. Some strategies i/i solving problems 
- encouraged the MPSP staff' to seel^ a way to. teach some 'Strategies in a " 
more idealistic setting than using one adult with three or four children', 
further, there was som^' question as to which strategies" vyere more appro- ■ 
^priate to. teach the children; During the Second year, efforts were con- . 
. tinuecT to work with small group-teaching and 6bservation (as described - 
in previous- sections of this report). The activnies in^tfie early part - 
of tip year indicat^j^that childretr-grew jn problem-lolving-slnll sliply- 
by solving probj ems.' . \ " ' ■ . / 
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• .Ppnjectiire 5. An effective way for ''children (grade 5) to learn to" - 
^ solve pro1)l ems is by splving problems . ~~ ■ ■ • 

■ -. • ■ ' • 

The studies related to the problems presented on the bulletin board 
develbped from conjecture ,5. As the work with the bulletin board con- 
tinued. th6 observations shifted from observing only children to observing" 
both teachers and children .> There- were three phases in": the bulletin board 
T problem-solving study: the problem presentation stage. "tfie work-on -fhet 
•llroblem stage, andf the debriefing or discussing-the^problem stage. Stu- . 
dents whose- teachers spent time analyzing arid generalizing problern- solu- ' 
tlon^ |n thfe^ dis3cussing-t-he-probl em stage se&ned' to exhibit greater growth- 
,fn problem-solving, strategy acquisition. : \'- , ■■ ^ 

Conjecture 6. The acquisition 'of .probl em-sol ving: strategies by " 
' . phlldren -(grade 6] ^ seems- to be- related td"the~teacher - 
directed an aiysiS'and generalization o f prnhlpm <fni.i- 
. ; ..^ ■ - tiohs ./ - V . V ■ — .. ■ ■ ■ ' 
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. The six cor^ectures liVsted , above were gathered t?hrough observation? 
over a. period, of two years/" , While .the MPSP project staff hoped' to gather 
more evidence jti support (or reject) ihese conjectures, this hope was not;- 
realized under this grant- On the, other hand, these 'coijjectares can pro- 
vide individual staff members '(or other mathematics educators) a- point . ' 
of departure in their individual study of children's problem solving. 
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